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Ideal treadmill speed to stimulate stepping in 
infants*
Velocidade ideal da esteira para estimular passadas do andar em bebês*
Diana X. C. Schlittler1, Matheus B. Sanches2, Raquel P. Carvalho3, José A. Barela2,4
Abstract
Background: The motorized treadmill elicits stepping in infants, however the effects of belt speed on treadmill-elicited stepping patterns 
are still unknown. Objective: To examine the effect of belt speed on treadmill-elicited infant stepping. Methods: Six normally developing 
infants, aged between 11 and 13 months and acquiring independent walking, were videotaped while stepping on a treadmill at four 
belt speeds (0.1, 0.16, 0.22, and 0.28 m/s), with passive markers affixed to the major joints (shoulder, hip, knee, and ankle). The 
images were digitized and analyzed using the software programs Ariel Performance Analysis System, Matlab, and SPSS (Statistical 
Package for Social Sciences, v.10). The analyzed variables were the descriptive, temporal, coordinative, and angular characteristics of 
the treadmill-elicited steps at the four speeds. Results: At 0.22 and 0.28 m/s, stride velocity and duration increased, and the duration 
of the stance phase decreased at 0.22 m/s. Moreover, at 0.22 and 0.28 m/s, the knee joint range of motion increased. Conclusions: 
The moderate and high speeds seem to be more appropriate to elicit stepping in infants who are acquiring independent walking, with 
0.22 m/s being the speed that seemed the most appropriate.
Article registered in the Australian New Zealand Clinical Trials Registry (ANZCTR) under number ACTRN12609000517279.
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Resumo
Contextualização: A esteira motorizada desencadeia passadas em bebês similares ao andar. Entretanto, os efeitos da velocidade da 
esteira nas características das passadas desencadeadas por ela ainda são desconhecidos. Objetivo: Examinar o efeito da velocidade 
da esteira em passadas desencadeadas em bebês. Métodos: Seis bebês com desenvolvimento típico, com idades entre 11 e 13 
meses, iniciando o andar independente, foram filmados andando na esteira em quatro velocidades (0,10; 0,16; 0,22 e 0,28 m/s), com 
marcas passivas posicionadas em suas principais articulações (ombro, quadril, joelho e tornozelo). As imagens foram digitalizadas 
e analisadas com os softwares Ariel Performance Analysis System, Matlab e SPSS (Statistical Package for Social Sciences, v.10). As 
variáveis analisadas foram as características descritivas, temporais, coordenativas e angulares das passadas desencadeadas pela 
esteira nas quatro velocidades. Resultados: Em 0,22 e 0,28 m/s, ocorre aumento da velocidade e duração da passada, além de uma 
menor duração da fase de apoio (FA) na velocidade de 0,22 m/s. Nas velocidades de 0,22 e 0,28 m/s,observa-se aumento da amplitude 
articular do joelho. Conclusões: As velocidades moderadas e rápidas parecem ser as mais indicadas para desencadear passadas em 
bebês que estão iniciando o andar independente, sendo ainda que a velocidade de 0,22 m/s parece ser a mais apropriada. 
Artigo registrado no Australian New Zealand Clinical Trials Registry (ANZCTR) sob o número ACTRN12609000517279.
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Introduction 
Throughout the first year of life, infants exhibit lower 
limb movements that can be triggered in several ways and 
that are similar to gait movements, which will be acquired 
in a few months. For example, infants up to two months 
display a stepping reflex when held under their arms with 
their feet touching a flat surface. They move their legs in a 
coordinated and often alternated pattern1-3, with coactiva-
tion of extensors and flexors4 as in infants at 12 months of 
age5. Prior to the acquisition of independent walking, this 
pattern can be enhanced through interventions, leading to 
retention of the task by the infant and allowing the transi-
tion from reflex to functional action6.
The stepping reflex, as we shall refer to it in the present 
study, drew the attention of several authors6-8 because, de-
spite being present in the repertoire of the newborn, these 
strides are no longer displayed by the infant after the first 
two months of age, only returning shortly before the acquisi-
tion of independent walking. The traditional explanation for 
this disappearance was that the involuntary strides of the 
initial months are controlled by the subcortical brain and, 
with the approach of the acquisition of voluntary control 
of independent walking, these strides become controlled by 
the cortical brain. During this transition, the manifestation 
of such behavior would be suppressed6,8, and infants no lon-
ger displayed it.
Although consistent and accepted by many authors 
in the field, this explanation was questioned by Thelen, 
Fisher, and Ridley-Johnson9. Initially, it was observed that 
the suppression of the strides occurred concomitantly with 
a sudden gain in leg mass, mainly due to the accumulation 
of adipose tissue. These authors tested this hypothesis by 
immersing infants in water up to the armpits and found an 
increase in the number of steps and in stride length. Con-
versely, when weights proportional to the mass of the lower 
limbs were added to the infant’s legs, the number of steps 
decreased9. Thus, it was suggested that the disappearance 
of the stepping reflex is due to abrupt body changes that 
occur during the initial months of life and not by the change 
in the control of these movements by the central nervous 
system9-12. Moreover, these steps were still present in the 
motor repertoire of infants but “hidden”, and they could be 
triggered if environmental conditions were appropriately 
manipulated13.
From this finding that the stepping reflex can be eluci-
dated by “facilitating agents,” Thelen12 began to study the 
role of the motorized treadmill as a trigger of stepping in 
infants in the first year of life. In general, the main finding 
was that the motorized treadmill elicits stepping in infants, 
even when they are not displaying that reflex due to the in-
crease in leg mass. Though triggered by the treadmill, these 
strides show characteristics similar to the voluntary pattern 
of gait3,12,13.
A key feature of the effect of the treadmill on infant step-
ping is that the pattern of the elicited movement is stable 
and simultaneously sensitive and adaptable to changes 
imposed by the motorized treadmill3,12,14. As treadmill speed 
increases, infants are able to adjust stepping to maintain 
an alternating pattern, decreasing the step cycle duration 
and decreasing the absolute duration of the stance phase 
(SP)3,12,15-17. Adjustments were observed even under the most 
intense changes, as when stepping was triggered in seven-
month-old infants by treadmill belts at different speeds for 
each leg (0.10 and 0.20 m/s)15. Surprisingly, stepping was ad-
justed to maintain an alternating pattern: the leg in contact 
with the fast belt had shorter cycle duration, decreasing the 
SP, and the leg in contact with the slow belt had a propor-
tionately increased SP15.
Despite these findings, there is no standard for the use 
of motorized treadmills, especially regarding belt speed. 
Thus, the question that arises is: what would be the most 
appropriate belt speed to trigger stepping in infants? Such 
information would be of extreme importance, given that 
stepping is sensitive to the characteristics of the treadmill 
and very high or very low speeds could change both the 
number and characteristics of the steps elicited in the in-
fants. Therefore, the aim of the present study was to investi-
gate the effect of treadmill belt speed on the characteristics 
of infant stepping. 
Methods 
Participants 
Six normally developing infants (two female and four 
male) aged between 11 and 13 months (mean 12 months 
and 13 days) participated in this cross-sectional study. 
They were starting to walk independently, but only with 
support. The selection of participants was by convenience 
and occurred by contact with friends and relatives. All 
procedures involved in this study were approved by the 
Research Ethics Committee of the Biosciences Institute, 
Universidade Estadual Paulista (Unesp), Rio Claro Campus 
(CEP-IB-Unesp), Rio Claro, SP, Brazil, protocol number 
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179/2007. Before infant participation, a consent form was 
signed by the guardian.
Procedures
The infants, accompanied by their parents, attended the 
laboratory once and, after an initial period of adaptation 
to the environment, the parents were asked to undress the 
infants, leaving only the diaper. Initially, spherical reflec-
tive markers (12 mm in diameter) were attached to the 5th 
metatarsal, lateral malleolus, lateral femoral epicondyle, 
greater trochanter of the femur and acromion of the infant’s 
left side (Figure 1A).
After the markers were attached, infants were placed on 
a motorized treadmill specially adapted so that its speed 
could be controlled by a digital control. Infants wore a 
special harness coupled to a system of partial weight sus-
pension (Figure 1B). This system provided postural stabil-
ity to the infant so that it remained in a standing position 
with feet touching the treadmill surface. The relief of body 
weight brought by this system was minimal and similar 
to that provided in previous studies, when infants were 
held around the trunk by a researcher12,15,16,18-28. However, 
the intention was not to relieve the weight on the lower 
limbs. 
A digital camera (Panasonic, Model AG-DVC7P) was 
positioned in the central region, sagittally and 4 m away 
from the treadmill, to allow filming during the perfor-
mance of stepping on the treadmill, which was positioned 
within a calibrated area 1m long and 1m high, needed for 
the two-dimensional stride analysis. Behind the camera, a 
300 W spotlight was positioned for optimal viewing of the 
reflective markers attached to the infant. The treadmill was 
adjusted so that the belt ran at speeds of 0.10, 0.16, 0.22, 
and 0.28 m/s, based on previous studies that used different 
speeds12,15,18,21,24 . The infants were exposed to each speed for 
1 min in random order. If necessary, intervals were allowed 
between trials.
Figure 1. Picture of an infant on the treadmill with the markers on the joint centers and convention used to define the ankle, knee, and hip angles 
(A); photo of the treadmill, harness, and body weight support system (B).
A B
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Data decoding
After videotaping, three alternating strides at each speed 
were selected for digitizing. They were chosen considering 
the visualization of the markers and the performance of 
“natural” strides without any interruption or sudden move-
ments. The joint markers of the selected strides were digi-
tized by the software program Ariel Performance Analysis 
System (APAS®) to obtain the coordinates “x” and “y” for 
each marker. During the digitizing, the occurrence of the 
following events were identified: touch of the ipsilateral foot 
(TIF), touch of the contralateral foot (TCF), ipsilateral loss 
of contact (ILC) and contralateral loss of contact (CLC). In 
this case, the stride was defined as the period between the 
occurrence of two consecutive TIFs.
Based on this and on coordinates obtained from the 
digitizing process, the following stride descriptive variables 
were calculated: a) stride length, obtained by the difference 
in the position of the lateral malleolus in the sagittal plane 
between two consecutive TIFs, given in meters; b) stride 
duration, obtained by the time between two consecutive 
TIFs, given in seconds; c) cadence, obtained by the number 
of strides per second (strides/s); d) stride velocity, obtained 
by the ratio of stride length to stride duration in meters per 
second (m/s). Based on the occurrence of these events, the 
duration of the following temporal variables of the stride 
were obtained: a) SP, obtained by the time between the TIF 
and ILC; b) first double support (DS1), obtained by the time 
between the TIF and the CLC; c) single support (SS), ob-
tained by the time between the CLC and the TCF; d) second 
double support (DS2), obtained by the time between the 
TCF and ILC. All those times were normalized in relation 
to the total duration of the respective stride, and therefore 
these variables were expressed as percentage of total stride 
duration. The relative phase between lower limbs, indicating 
the coordination between them, was calculated by the ratio 
of TIF-TCF interval to total stride duration. This variable 
was also normalized in relation to the total stride duration.
Finally, based on digitized coordinates, the complemen-
tary joint angles of the hip, knee, and ankle were calculated 
by the APAS® software program by means of the tangent arc 
of the vectors formed by adjacent segments. The convention 
for the calculation of these angles is shown in Figure 1A. 
After the angles for each trial were obtained, they were 
normalized in relation to the total stride duration, with 
an increase of 1%, using a specific Matlab® routine (Math-
Works, Inc. - version 6.5). After this procedure, the mean 
angle for each infant at each speed and the mean for all 
infants at each speed were calculated. Hip, knee, and ankle 
range of motion for the SP were calculated by subtracting 
the smallest angular value from the greatest angular value 
in the respective temporal series.
Statistical analysis 
For statistical analysis, three multivariate analyses 
(MANOVA) and two analyses of variance (ANOVA) were 
used, and in both cases, the four speeds were treated as re-
peated measures factor. In the first MANOVA, the dependent 
variables were the descriptive variables of the stride: length, 
duration, cadence, and velocity. In the second MANOVA, 
the dependent variables were the duration of DS1, SS, and 
DS2. In the third MANOVA, the dependent variables were 
the range of motion of the hip, knee, and ankle. In the first 
ANOVA, the dependent variable was the SP duration, and 
in the second, the relative phase. Univariate analysis and 
Tukey’s post hoc tests were performed for the variables 
stride velocity, stride length, and SP duration. All statistical 
analyses were performed using SPSS (Statistical Package for 
Social Sciences for Windows®, version 10.0). In all analyses, 
the significance level was set at 0.05. 
Results 
As expected, the motorized treadmill triggered alter-
nated stepping in all infants in the study. With the aim of 
distinguishing the alternated strides, the descriptive, tem-
poral, coordinative, and angular characteristics are shown 
below.
Descriptive characteristics of alternated stepping 
The MANOVA revealed differences between the descrip-
tive variables of stride (Wilks’ Lambda = 0.205, F [12,32] = 2.18, 
p<0.05). However, univariate tests indicated a difference only 
for stride velocity (F [3,15] = 8.875, p<0.005) and marginality for 
stride duration (F [3,15] = 3.105, p=0.05). Post hoc tests indi-
cated that stride velocity at 0.22 and 0.28 m/s belt speed was 
greater than at 0.10 m/s and also that the stride velocity at 0.22 
m/s belt speed was greater than at 0.16 m/s. Post hoc tests in-
dicated that stride duration at 0.10 m/s belt speed was greater 
than at 0.22 m/s (Table 1). 
Temporal characteristics of alternated stepping
ANOVA revealed a significant difference in SP percentage 
at the different treadmill speeds (F [3,15] = 3.303, p<0.05). Post 
hoc tests indicated that the SP duration at 0.22 m/s was shorter 
than at 0.10 m/s (Figure 2A). 
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influenced by speed manipulation (F [3,15] = 9.227, p<0.005), 
and the range of motion of this joint was greater at 0.22 and 
0.28 m/s than at 0.10 and 0.16 m/s. 
Discussion 
In the present study, infants were supported over a motor-
ized treadmill in order to identify the most suitable belt speed 
to elicit alternated stepping through the analysis of descriptive, 
temporal, coordinative, and angular stride characteristics. The 
motorized treadmill can be used to elicit alternated stepping 
in infants who are not walking independently. Considering the 
results of the present study, the four speed parameters were 
able to trigger alternated stepping in infants. The alternating 
pattern is their preferred pattern, and its frequency improves 
with age12 and training23, especially during moderate and high 
belt speeds12,23. 
By analyzing the characteristics of alternated stepping, we 
noted that the higher belt speeds led to faster strides, and the 
0.22 m/s belt speed elicited shorter stride and SP duration than 
the 0.10 m/s belt speed. Moreover, 0.22 and 0.28 m/s led to in-
creased peak of knee flexion compared with other belt speeds, 
and the knee range of motion was greater at these two speeds 
than those observed at lower belt speeds. Thus, the results 
suggest that the higher speeds favor an appropriate alternated 
stepping pattern for infants in the acquisition phase of inde-
pendent walking. 
In the study by Thelen12, normally developing seven-month-
old infants were supported over a treadmill at two speeds, 
slow (0.10 m/s) and fast (0.19 m/s). The results showed that 
the treadmill elicited the alternating movements of the lower 
limbs and that there was an increase in the number of steps 
0.10 m/s 0.16 m/s 0.22 m/s 0.28 m/s
Ankle 12.47 (3.67) 14.74 (3.80) 15.37 (3.78) 14.81 (9.86)
Knee 12.34 (4.81)a,c 11.84 (4.34)b,d 24.59 (8.42)a,b 22.82 (7.32)c,d
Hip 14.12 (6.25) 19.81 (7.68) 19.65 (7.41) 16.92 (5.42)
Table 2. Mean and standard deviation of joint displacement (degrees) of ankle, knee, and hip during stance on treadmill at 0.10, 0.16, 0.22, and 
0.28 m/s belt speeds.   
Same letters indicate statistical difference between belt speeds (p<0.05).
Descriptive Variables 0.10 m/s 0.16 m/s 0.22 m/s 0.28 m/s
Stride length (m) 0.28 (0.09) 0.33 (0.07) 0.35 (0.03) 0.30 (0.06)
Stride duration (s) 1.71 (0.75)a 1.54 (0.66) 1.20 (0.30)a 1.21 (0.32)
Stride cadence (stride/s) 0.73 (0.44) 0.78 (0.38) 0.91 (0.33) 0.88 (0.32)
Stride velocity (m/s) 0.19 (0.12)b,c 0.24 (0.12)d 0.33 (0.15)b,d 0.28 (0.12)c
Table 1. Mean and standard deviation of stride length, duration, cadence, and velocity at the four treadmill belt speeds.
Same letters indicate statistical difference between belt speeds (p<0.05).
Regarding the stance subphases, MANOVA showed no 
difference in the duration of DS1, SS, and DS2 at the different 
belt speeds (Wilks’ Lambda = 0.342, F [9,32] = 1.95, p=0.07; 
Figure 2B). 
Coordenative characteristics of alternated stepping
ANOVA showed no difference for the coordination between 
legs at the different belt speeds (F [3,15] = 1.04, p>0.05; Figure 2C). 
Angular characteristics of alternated stepping
Figure 3 shows the angular displacement of the ankle, knee, 
and hip joints during alternated stepping. As can be seen, in 
the initial touch of the foot and during the SP, the ankle is at 
an angle of about 50 degrees. Considering the convention used 
to calculate the ankle angle, this value indicates full support of 
the foot on the ground. That fact is expected because infants 
acquiring independent walk place the whole foot on the floor 
at the initial touch.
Regarding the knee, the 0.22 and 0.28 m/s belt speeds clearly 
triggered patterns with a well-defined peak of flexion during 
the swing phase. At slower belt speeds (0.10 and 0.16 m/s), this 
definition was not as clear, and the temporal series of knee an-
gle showed variations during the entire step cycle. Finally, the 
temporal series of the hip joint shows that this joint showed 
variations due to belt speed similar to those observed for the 
knee joint. 
Table 2 shows the range of motion at the different belt 
speeds for the hip, knee, and ankle joints. MANOVA revealed 
that the range of motion was different between the belt speeds 
(Wilks’ Lambda = 0.238, F [9,32] = 2.836, p<0.005). Univariate 
analysis indicated that only the knee range of motion was 
Treadmill speed to stimulate infant stepping
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Figure 2. Temporal and coordinative characteristics of stepping at the 
four treadmill speeds: (A) mean and standard deviation of the stance 
phase in percentage of the cycle; (B) mean and standard deviation of 
the first double support (DS1), single support (SS), and second double 
support (DS2) phases; (C) mean and standard deviation of the relative 
phase between the lower limbs. 
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Figure 3. Time series of the mean hip (A), knee (B), and ankle (C) joint 
angles throughout the step cycle at the four treadmill belt speeds.
at the higher speed. The infants’ response to increased speed 
led to a decrease in the time of foot contact on the SP and a 
slight decrease in the swing phase. In the present study, similar 
results were seen in infants who had a decrease in SP with in-
creasing belt speed. 
According to Ferreira and Barela18, the preferred step pat-
tern of children with cerebral palsy (CP) at a 0.29 m/s treadmill 
speed is the alternating pattern. The durations of the SP and 
the swing phase were 60-70% and 30-40% of the step cycle, 
respectively. Regarding the duration of the DS1, SS, and DS2 
subphases, the values were 18%, 31%, and 17.5%, respectively18. 
Comparatively, in the present study, at different speeds, the 
SP ranged between 71.8% and 79.9% of the step cycle, but 
without indication of significant difference between different 
speeds, and the behavior of the stance subphases showed no 
significant differences between the different belt speeds. One 
explanation for this lack of difference is the ability of the in-
fants to adapt the step behavior to maintain an alternating pat-
tern, regardless of the speed15. Interestingly, the coordination 
between legs observed in the present study was similar to the 
pattern shown by infants and children walking on the ground 
and on the treadmill, respectively18,29, which was around 50%. 
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Moreover, this pattern does not change with the variation of 
belt speed, thus constituting an organization that is stable to 
such manipulation. 
Despite this similarity in the temporal organization, the re-
sults of the present study clearly indicate that the belt speed of 
0.22 m/s elicits different stride velocity and duration compared 
to lower belt speeds. Although stride velocity and duration 
were not statistically different at 0.22 and 0.28 m/s, there is a 
tendency for reduction in both at the highest speed. Thus, con-
sidering the lack of effect on the temporal stride characteristics 
in relation to the belt speed and this effect on the stride velocity 
and duration at 0.22 m/s, it seems that this would be the ideal 
speed to elicit infant stepping that is closer to the voluntary 
overground pattern of infants who are acquiring independent 
walk, with a mean speed around 0.6 m/s30, taking into account 
differences between overground and treadmill walking31.
This suggestion is corroborated when we observe the tem-
poral series of lower limb joints during stepping. The alternating 
steps carried out by infants at the higher belt speeds (0.22 and 
0.28 m/s) are characterized by trajectories of movements with a 
clearer definition of the main peaks that characterize voluntary 
overground stepping. This finding indicates greater range of joint 
motion during stepping. According to Yaguramaki and Kimura32, 
the increase in joint range of motion influences the increase in 
stride velocity, which produces a more efficient gait. It may be 
that young infants prefer slower belt speeds because they 
have difficulty in contracting the muscles properly. However, 
older infants prefer moderate belt speeds of around 0.20 m/
s33, and the data from the present study undoubtedly con-
firm this suggestion. Moreover, the speed cannot be too high 
otherwise stepping may be compromised and may not show 
an appropriate response to increasing belt speed, as seems to 
be the case or at least a tendency regarding the speed of 0.28 
m/s, as observed here. 
The present study had some limitations due to the small 
number of participants evaluated. Therefore, more effort 
should be made to carry out new studies to verify the possible 
effects of treadmill characteristics not only on elicited stepping 
patterns, but mainly on the use of this intervention to promote 
and facilitate gait acquisition in infants with or without neuro-
muscular and/or sensory and motor impairment. 
Conclusion 
Belt speeds of around 0.22 to 0.28 m/s seem to be the ideal 
speeds to trigger stepping in infants who are acquiring inde-
pendent walk. They elicit stepping with characteristics similar 
to those observed in the stepping patterns of infants who are 
acquiring independent walking. However, the results of the 
present study also indicate that the speed of 0.28 m/s seems to 
compromise the quality of stepping, therefore it is safer to use 
the 0.22 m/s belt speed.
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